Summary Pregnant women with substance use disorders have multiple special needs, which might be best managed within a multiprofessional treatment setting involving medical, psychological and social care. Adequate treatment provision remains a challenge for healthcare professionals, who should undergo special training and education when
working with this patient population. Careful assessment and screening is necessary to tailor interventions individually to the woman's needs in order to achieve beneficial clinical outcomes for mothers and newborns, whereas the choice of treatment options highly depends on the type of substance of abuse and evidence-based treatment interventions available. Economic considerations have shown that early multiprofessional treatment might yield better clinical outcomes and save healthcare costs over the lifespan.
Substance use disorders (SUDs) during pregnancy represent a challenging health issue for clinicians all over the world. The scope of the problem is wide-ranging; approximately a third of substance-dependent individuals are women of childbearing age [101] . In 2002 and 2003, a nationwide survey in the USA revealed that 4.3% of pregnant women in the age group of 15-44 years had used an illicit drug during the past month, 9.8% used alcohol and 18% were smoking cigarettes [102] . In Europe, there are an estimated number of 60,000 pregnant drug users each year, with half of them being opioid users [1] . The UK Home Office reported in 2003 that there were 200,000-300,000 children (i.e., 2-3% of children under the age of 16 years) living in England and Wales where one or both parents had drug problems [103] ; the prevalence of mothers that were substance misusing during pregnancy was not separately indicated. For many countries, no prevalence data were available; however, given these figures from industrialized countries, we might get an idea of how many people are affected by this special constellation that impacts on the lives of all family members involved. Nevertheless, this article focuses only on pregnant substance-misusing women and their newborn children.
The pregnant substance-misusing woman is not only confronted with psychological problems such as feelings of guilt regarding her unborn child and fears regarding her future motherhood, but she usually faces stigmatization by society and often also by medical caregivers when she has entered treatment [2] . In addition, she might struggle with physiological problems due to pregnancy and her SUD, as well as with socioeconomic hardship, including problems such as unemployment, homelessness or legal problems. Frequently, substancemisusing women have relationships with substance-misusing men [3] , which might complicate treatment issues, just as somatic and psychiatric comorbidities would, which are highly prevalent in this especially vulnerable patient population. Moreover, many patients are polysubstance users or show regular concomitant consumption of additional legal or illegal substances, which might also have an impact on the mother's health status and pregnancy, as well as on the unborn child.
The effects on the fetus are highly dependent on the type and amount of substances consumed throughout pregnancy, as well as on the nutritional and health status and the wellbeing of the mother. The type and amount of interventions offered and applied to the mother therefore depends on the individual patient, and seems to be provided most effectively in the frame of an individually tailored multidisciplinary treatment approach [4] . However, the particular need for treatment in this patient population is highly evident, and often also very costly, due to frequent pregnancy complications or postnatal morbidity of the newborns. The economic aspect is of high importance to us, because many decisions in health politics are based on cost evaluations of applied interventions and their respective 'success'.
Unfortunately, there are no universally established treatment standards, neither for pregnant patients with SUDs or for the newborns. Frequently, authors give cautious recommendations for clinical practice or for individual interventions studied, but there are no official detailed treatment guidelines, neither for the pregnant patients nor for the newborns. However, in some specific cases, certain procedures have become 'state-of-the-art'. This article gives an overview of general crucial aspects to consider in the treatment of pregnant substance users and, wherever available, information on the established stateof-the-art treatment interventions. Our management perspective focuses on the typical pregnant drug users attending addiction clinics in industrialized countries and the healthcare procedures offered to mothers and their newborns, taking into account current research findings. Additionally, we will include economical considerations and critically discuss them in the light of concrete examples. We would like to stress that we cite research results to underpin our statements or to provide support for our perspective without any claim to completeness. nonjudgmental, respectful attitude of caregivers & comprehensive view of the patient Pregnant women with SUDs are often reluctant to seek help due to their fears of negative judgment or hostile reactions from caregivers [104] . A nonjudgmental, respectful attitude from caregivers is therefore essential to create an environment that allows a trustful relationship to be built with the patient. Morton and Konrad already pointed out the importance of healthcare professionals acquiring knowledge, skills and attitudes that promote the development of trustful relationships with addicted mothers that represent the basis for beneficial outcomes [5] . Moreover, it is important to recognize that pregnancy might be a strong motivation for patients to enter and stay in treatment [104] and an opportunity for professionals to foster this approach rather than adopting a punitive attitude. Thus, it is indispensable to provide a special training/education for healthcare professionals working with pregnant women with SUDs in regard to ethical questions that might arise during the course of treatment.
Treatment for pregnant substance users should be voluntary except in life-threatening situations for the mother or child, where treatment might become compulsory. Furthermore, it is important to comprehensively address the patients' needs in order to offer efficient treatment. Frequently, substance-misusing women have somatic and psychiatric comorbidities and the treatment of these disorders has to be integrated into the patient's therapy. Moreover, many patients have a poly-SUD that needs to be taken into account. table 1 gives an overview of the most frequent comorbid conditions found in recent studies of pregnant women with SUDs. The cited studies were selected by the authors after a literature search on 'PubMed' to show the high comorbidity rates of pregnant women with SUDs in industrialized countries; studies were selected only if they were original research studies, the sample size was larger than 50 and the study had been conducted within the past 10 years. Moreover, we tried to incorporate prevalence data from Europe, Australia and North America, and to vary the primary substance of use.
Additionally, the patient's living situation and environment play an important role and potentially have a considerable impact on the course of treatment. Most of the patients have a low educational level and are unemployed. Schempf and Strobino reported that 28.8% of the cocaine-using pregnant women and 25.5% of the opiate-using patients in their US sample had not completed high school, and only 11.9 and 7.3%, respectively, were employed [6] . Approximately a third of their pregnant patients relied on public housing and a fifth on subsidized housing, and approximately 60% of the cocaine-using women and 45% of the opiate-using women indicated that they had enough money for necessities 'less than half of the time'. Additionally, 35 and 22% of the cocaine-and opiate-using women had no relationship with their baby's father, and almost 40 and 30%, respectively, perceived 'hardly ever' receiving family support during the course of their pregnancy. Bakstad et al. outlined a similar sociodemographic profile in her Norwegian sample of 41 opioid-dependent women enrolled in maintenance therapy with methadone or buprenorphine. Patients had completed on average 10.6 years of education, over 80% were unemployed and more than a third were single mothers [7] . In a French sample of 159 opioid-dependent pregnant women in buprenorphine therapy, only 3% had a high school diploma or higher education, and 79% were unemployed; 60% were dependent on government help, and 23% of the women had a history of imprisonment [8] . More than a third of the French women had a drug-addicted partner, whereas approximately 12% had a partner who was in prison during the course of the pregnancy; approximately 45% of the women indicated that the current pregnancy had not been planned. These examples demonstrate quite clearly that the typical pregnant patient with a SUD has multiple needs at the same time, and that all need to be addressed and taken into account. Therefore, a comprehensive treatment approach seems most suitable for meeting this requirement. Figure 1 represents the clinic with its affiliations that provide medical and psychosocial care throughout the course of pregnancy and the postpartum period for substance-dependent women.
Multiprofessional
To ensure coordinated treatment, the members of the healthcare team have to participate in case conferences regularly; these meetings also have the advantage that difficult decisions might be discussed and taken by the whole team. Nonetheless, supervision for the staff has to be provided so that the caregivers can maintain their own mental health within this particularly stressful and challenging working environment.
Another important aspect is the structure of clinical procedures to guarantee a certain work flow. Although the interventions are individually tailored, standard operating procedures are recommendable to render the therapy more efficient. Treatment protocols should be available for all team members at any time, and the caregivers should get sufficient training before they start working in the team.
clinical assessment procedures
In order to obtain a comprehensive picture of each patient to plan the required treatment interventions, assessment procedures have to be coordinated carefully to address all potential problem areas for the woman:
Medical history/assessment should include laboratory examinations (blood count, including screening for infectious diseases such as HIV or hepatitis) and gynecological examinations (including screening for sexually transmitted diseases and full obstetrical history);
Psychiatric/psychological assessment of all current and past comorbidities, including previous psychiatric/psychological treatment interventions;
The application of structured clinical interviews and the use of standardized questionnaires such as the Addiction Severity Index [9] are recommendable;
Substance use assessment, including all current and past SUDs (legal and illegal substances and prescription drug abuse) and respective treatment interventions;
Importantly, supervised urine toxicologies and alcohol breath tests are highly recommended in order to obtain an objective measurement of the woman's current substance intake;
Assessment of social status, current living situation and environment (including significant others), vocational situation and legal status.
After the assessment procedures that should take place as early as possible in the course of pregnancy and be completed as quickly as possible, the required interventions for the patient should be discussed and planned by the whole [70] caregiver team. The time aspect is of particular importance in pregnant patients because significant developments already take place in the first trimester of pregnancy and some interventions need to be implemented immediately (e.g., a detoxification treatment of teratogenic substances) [10] .
individually tailored interventions A range of therapeutic interventions is available and adequate to treat pregnant women with a SUD; the decision on which interventions will be used depends on various factors [4] , such as:
The type of illegal or legal substances consumed and their teratogenic potential (main substance and concomitant consumption of further substances);
The time (week) of pregnancy;
The maternal health status, including somatic and psychiatric comorbidities;
The maternal material (income and housing) and social resources (supporting family members, social network and significant others that might have to be taken into account in the frame of treatment);
The particular additional problems (e.g., legal issues and already children in foster care, among others);
The treatment that the patient has already received, including current medications that are effective, as well as the patient's preferences.
Regarding the types of substances used, we summarize in the following sections common treatment interventions in general for mother and child for a range of substances.
alcohol
Alcohol abuse/dependence during pregnancy is associated with poor neonatal outcomes due to the high teratogenic potential of alcohol, whose detrimental effects might even be worsened in cases of a suboptimal maternal nutritional status [11] . It is thus essential to explore patients thoroughly and to screen/ test them regularly for alcohol use throughout the course of pregnancy, even if alcohol is Due to the high teratogenic potential of alcohol, detection of an alcohol use disorder is crucial; frequently, medical doctors do not educate their pregnant patients regarding the harmful consequences of drinking during pregnancy or do not examine the women thoroughly, and thus the alcohol use disorder remains unrecognized. Tools that have proven effective [15] in detecting at-risk women are the Alcohol Use Disorders Identification Test (AUDIT [16] ) and the 'Cut-Annoyed-Guilty-Eye' (CAGE [17] ) screening test. In the case of an alcohol use disorder, immediate action is indispensable to prevent the highly detrimental effects on the unborn child. An inpatient detoxification treatment (e.g., with supportive medications such as benzodiazepines) seems most appropriate to reach the goal of abstinence as safely and quickly as possible, and has become state-of-the-art [18] . After successful detoxification, close monitoring and intense outpatient care with regular supportive counseling is important to prevent relapses or to intervene as quickly as possible in case of relapses. A trustful relationship with the caregivers is always the most reliable tool in outpatient treatment because it provides the basis to discuss relapses and situations in which the patient is 'at risk', among others, despite the common fear of pregnant women regarding losing their newborns if they relapse and cannot maintain alcohol abstinence [19] . The woman should be encouraged and supported in case of relapses, and small goals achieved should be reinforced to enhance the patient's motivation to continue her treatment. The treatment process should be accompanied by psychoeducation of the patient; it is important that the pregnant woman understands why it is crucial to achieve and maintain total abstinence from alcohol and all the necessary interventions that she undergoes, and at the same time that her treatment is voluntary but absolutely necessary in order to deliver a healthy child. Moreover, the patient should have the possibility of postpartal addiction treatment/follow-up visits to maintain her stability.
nicotine Although Lamy and Thibaut estimate smoking rates in pregnant women of up to 20-30% worldwide [20] , it is unlikely that a pregnant woman attends a specialized substance abuse treatment institution for smoking cessation. We usually encounter pregnant smokers that are dependent on other drugs in addiction centers; however, in any case, the patient should be informed and educated about the health risks of smoking for her and her unborn child, such as spontaneous abortion, low birth weight, premature delivery, sudden infant death syndrome and learning and behavioral problems in the offspring [21] . Moreover, available treatment options for smoking reduction/cessation should be offered to the pregnant woman, so that she might select an intervention. Since it has been shown that daily maternal nicotine intake has a dose-severity association with neonatal abstinence syndrome (NAS), as well as with reduced birth weight in newborns who have been intrauterinally exposed to opioids [22, 23] , we can conclude that the children would also benefit from a reduction of daily cigarette consumption (e.g., if a heavily smoking women with an intake of more than 20 cigarettes/day decreases her cigarette intake to less than 10 cigarettes/day). Due to its nonproven safety and efficacy, it remains a controversial issue as to whether pregnant patients should receive a nicotine-replacement therapy [24] ; however, it is only recommendable if the woman is a daily smoker needing a certain level of nicotine. Rayburn and Bogenschutz suggest monitoring levels of nicotine for the choice of the lowest effective dose and the best route of nicotine delivery [25] . The use of the antidepressant bupropion for smoking cessation during pregnancy has been linked to an elevated risk of congenital heart defects for the newborn [26] , while sufficient data on its safety and efficacy Should pregnant women with substance use disorders be managed differently? management perSpective future science group www.futuremedicine.com for pregnant patients are still lacking [27] . Thus, nonpharmacologic interventions such as counseling or behavioral therapeutic strategies should be preferred; for example, Heil et al. demonstrated that a voucher-based reinforcement intervention (contingency management) was effective in promoting smoking reduction in pregnant smokers, which had highly beneficial effects on the development of the children -ultrasound examinations showed significantly greater growth regarding estimated fetal weight, femur length and abdominal circumference in the group receiving contingency management compared with the group without this intervention [28] .
cannabis/marijuana
Cannabis is the most frequently abused illegal drug during pregnancy, and in many cases its intake takes place within polysubstance abuse/ dependence [4] . Its consumption might be associated with mild withdrawal symptoms in the newborn and has been linked to certain cognitive deficits in school-aged children, although no congenital malformations or severe impairments have been shown to be connected with prenatal cannabis exposure [29] . No pharmacological therapeutic options are available for cannabis use disorders during pregnancy. Thus, nonpharmacological interventions have to be implemented to reduce cannabis consumption during pregnancy. Behavioral strategies to reduce smoking could, for example, target nicotine and cannabis consumption at the same time because they focus on the same behavior.
sedatives/benzodiazepines
Benzodiazepine use during pregnancy could lead to adverse neonatal outcomes, but research results are often controversial, particularly with regard to congenital malformations; however, no benzodiazepines have ever been tested directly with pregnant patients -thus, we do not know if the benefits outweigh the risks for taking these drugs [30] . Iqbal et al. further conclude in their review on benzodiazepine consumption during pregnancy and the postpartal period that benzodiazepines are not absolutely contraindicated during pregnancy, but their intake in the first trimester of pregnancy should be avoided since this is the critical period for organogenesis [30] . We suggest a gradual reduction of daily benzodiazepine intake until total abstinence is achieved, which should represent the goal during pregnancy for safety reasons.
stimulants: amphetamines/cocaine
Chronic stimulant use during pregnancy has been linked to poor pregnancy outcomes such as intrauterine growth retardation, prematurity, congenital malformations and even mild withdrawal symptoms and CNS stress symptoms [31] [32] [33] [34] . Bandstra et al. also reported subtle deficits in neurobehavioral, cognitive and language function in preschool children after in utero cocaine exposure [35] . Abstinence from these substances represents the ideal goal in antiaddictive therapy; since somatic dependence on stimulants is marginal, intense psychological care is recommendable to encourage and stabilize the patient during time of withdrawal. Since no pharmacological intervention has proven safety and efficacy during pregnancy, only nonpharmacological interventions should be recommended. Jones et al. recently showed that reinforcement-based treatment improved treatment retention of the mothers and reduced postnatal hospital stays of the neonates, although it did not reduce maternal illicit drug consumption during pregnancy [36] . Thus, reinforcement-based interventions represent a promising adjunctive treatment approach for promoting abstinence in cocaine-dependent pregnant patients.
Opioids
Opioid abuse/dependence during pregnancy is linked to a number of pregnancy complications and adverse neonatal outcomes such as intrauterine growth retardation, premature birth, low birth weight and increased risk for sudden infant death syndrome [29] . The development of withdrawal symptoms is characteristic of prenatal opioid exposure and comprises the typical symptom complex known as NAS, affecting 55-94% of newborns [37] . Its clinical presentation varies individually and might include neurologic excitability, gastrointestinal dysfunction or autonomic signs, as well as varying in its severity, which might render pharmacological treatment -ideally with opioids -necessary [37] . However, nonpharmacologic interventions such as rooming-in with the mothers or supportive care measures have been shown to alleviate neonatal withdrawal [38, 39] . Specially trained staff for postnatal care
Neuropsychiatry (2012) 2(1) future science group are required for the challenging management of NAS.
For maternal opioid dependence during pregnancy, pharmacologic maintenance therapy represents the current state-of-the-art treatment. Most experiences and research data are available for methadone, whose safety and efficacy is recognized by the scientific community; additionally, buprenorphine has been shown to be a valuable alternative to methadone because it is associated with less severe neonatal withdrawal, although it is linked to a lower maternal treatment retention rate [40, 41] . Thus, buprenorphine can only be recommended for pregnant opioid-dependent women who are responding well to this partial µ-agonist, whereas for many severely addicted, polyaddicted patients, methadone might still be the primary choice of medication. Close monitoring of the patients, as well as accompanying psychosocial care, should be provided throughout the course of pregnancy and the postpartum period for all patients.
pharmacological treatment interventions
Due to the potential for teratogenesis and the risk for pregnancy complications and further adverse consequences for the fetus or the newborn, a great deal of caution, as well as weighing the risks against the benefits, is indicated when deciding on a pharmacological intervention. This is of particular importance regarding psychiatric comorbidities, where psychological interventions might be highly efficient as well; however, there are cases where counseling/psychotherapeutic approaches are not sufficient, and subsequently, a pharmacological intervention is indicated and important [42] . There might even be cases where pharmacotherapy is the only possible intervention that is efficient and necessary to protect the unborn child (e.g., antiretroviral therapy/highly active antiretroviral therapy for HIV-infected patients).
nonpharmacological treatment interventions
The amount and type of nonpharmacological interventions might vary considerably; however, there are some specific issues for pregnant women with SUDs that should at least be addressed in the frame of counseling or a psychoeducative approach:
Nutrition during pregnancy and the lactation period; Regular prepartal visits and gynecological care are essential for women having a high-risk pregnancy.
For all mothers with SUDs, postpartal care and support in the early stages of motherhood are recommendable. Some women might not be allowed to keep custody of their children because they are too unstable and the newborns are, for example, kept in foster care; for these women, it is especially important to retain them in treatment because they might have an even higher risk of relapse after the loss of their child.
economic considerations
Careful choice of maternal and neonatal treatment interventions are of particular importance in this patient group because adequate interventions might help save healthcare costs, which might become extremely high in cases of complications or poor neonatal outcome. Since there is a severe lack of detailed health cost analyses in this domain, we outline some concrete results to give an impression of the dimension of costs and to encourage further evaluations.
Svikis et al. already showed in the late 1990s in the USA that multiprofessional intensive treatment for pregnant women with SUDs led to better clinical outcomes at delivery compared with those of women with SUDs who did not receive drug abuse treatment [43] . The treatment group had less maternal substance use as well as superior neonatal outcome parameters such as higher gestational age, increased birth weight and better Apgar scores. Moreover, newborns of women in treatment were less likely to require neonatal intensive care unit services, and those that did had shorter stays. Total costs for treatment were examined, and multiprofessional treatment resulted in mean net savings for Should pregnant women with substance use disorders be managed differently? management perSpective future science group www.futuremedicine.com patients in the treatment group of US$4644 per mother/infant pair.
Coyle et al. calculated hospital costs for opioidexposed newborns comparing a group of infants whose NAS was treated with a diluted tincture of opium (mean hospital stay after birth: 79 days; mean costs: $69,200) with a group treated with diluted tincture of opium and phenobarbital (mean hospital stay: 38 days; mean costs: $33,344), and found that mean costs differed by $35,856 between the two groups [44] . Thus, the adequate choice of treatment may reduce costs substantially; however, the current NAS treatment standard for in utero opioid-exposed neonates are opiates, with morphine preparations most commonly used [45] .
Daley et al. compared outcome parameters of newborns from women in five different settings of substance abuse treatment (residential, outpatient, residential/outpatient, pharmacological and detoxification) and detected a linear relationship between birth weight and amount of maternal treatment received; women who had received more specialized treatment (e.g., residential treatment) had heavier infants than those receiving less specialized treatment (e.g., detoxification) [46] . Treatment costs for mothers and infants were compared and it was shown that the outpatient treatment approach was most cost-effective, yielding an increase in birth weight of 139 g (compared with the detoxification group) for an investment of only $1788 in additional healthcare and treatment costs. Moreover, the authors showed that improved nutritional status and less drug use were linked to higher birth weight factors, which are more easily manageable in more intense treatment. Generally, low birth weight is found in premature infants, with prematurity rates in the general population ranging between 7.0% of live births in the UK (2006) [106] and 12.7% in the USA (2007) [47] , and entailing enormous costs. Mangham et al. clearly demonstrated an inverse relationship between gestational age at birth and healthcare costs arising not only during peri-and post-natal care, but throughout childhood and adolescence due to preterm-associated morbidity [48] . The authors compared costs for preterm children until the age of 18 years in England. The evaluation clearly showed that the earlier the infants were born, the higher the healthcare expenditures were (i.e., €90,734 for preterm infants [born prior to 37 weeks of gestation], €245,692 for very preterm infants [born prior to 33 weeks of gestation] and €466,250 for extremely preterm infants [born prior to 28 weeks of gestation]) when taking into account costs of delivery and neonatal care and inpatient and outpatient medical care, as well as community health and social care until 18 years of age.
In a multicenter, double-blind, double-dummy clinical trial comparing the safety and efficacy of methadone versus buprenorphine therapy in opioid-dependent pregnant women, by applying an intensive outpatient care approach with daily maternal visits, Jones et al. found preterm birth rates of 19% (methadone) versus 7% (buprenorphine), with corresponding mean hospital stays of 17.5 versus 10.0 days [40] . These rates are in line with previous research findings showing higher prematurity for children of women with SUDs, although the result for the buprenorphine group is still under the average preterm rate of the USA or Austria, where Kiss et al. have recently shown that antenatal screen-and-treat programs might reduce the preterm rate (from 12.1 to 8.2%), which could subsequently reduce costs [49] .
A current estimation of postnatal hospital costs for neonates born at the General Hospital of Vienna with an International Classification of Diseases (ICD)-10 diagnosis P96.1 'neonatal withdrawal symptoms from maternal use of drugs of addiction' showed that their mean costs were €7700 if they had a hospitalization duration of between 7 and 22 days (without further complications); if the duration of hospital stay was shorter than 7 days and the newborn was roomed-in with the mother, only maternal costs and no extra costs for the infants would be charged, whereas hospitalization durations exceeding 22 days could entail considerable cost increases (e.g., ~€11,500 for 27 days) [Fischer G, Metz V, Unpublished Data]. However, these considerations only concern postnatal care. Unfortunately, no current cost estimations for short-and long-term costs for intrauterinally exposed children are available, but Brown et al. already estimated the necessary lifetime treatment costs of in utero substance-exposed infants (alcohol, tobacco and other drugs) in the USA of approximately $750,000-1,400,000 [50] , giving an idea of the scope of the economic burden. Therefore, it is even more important to provide adequate maternal and neonatal treatment for this special patient population.
conclusion & future perspective
Specialized care is indispensable for pregnant women with SUDs and their offspring. A Neuropsychiatry (2012) 2(1) future science group multidisciplinary outpatient treatment setting with the flexibility of tailoring interventions individually has been shown to be effective for coping with the multiple medical and psychosocial needs of these women throughout pregnancy and in the postpartum period. Stabilization of the patient and the goal of the mother being able to care for her child should be a focus of treatment, as well as preparation for motherhood. Careful assessment and screening procedures are essential to plan the respective interventions, while nonpharmacological care should be preferred wherever possible. In case of pharmacological interventions, the risks have to be weighed against the benefits, taking into account possible short-and long-term consequences for the children. Particular attention should be dedicated to special education, training and supervision for caregivers working with this vulnerable patient population. We consider diversification and individual adaptation of treatment interventions for pregnant patients with SUDs as most recommendable for clinical practice in the future. Moreover, clinical studies of pharmacological and nonpharmacological treatment interventions are encouraged in order to establish a universal standard of care for pregnant women with SUDs and their children. Finally, health professionals should keep in mind that adequate treatment might reduce pregnancy complications and poor neonatal outcomes, yielding a reduction of healthcare costs and thus a decrease of the socioeconomic burden for the patients and society. Comprehensive review on evidence-based treatment options for opioid-dependent pregnant women and newborns with neonatal abstinence syndrome.
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